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Energy security 


Coping with multiple supply risks 


Peter Zweifel and Susanne Bonomo 


This study starts from the observation that today’s Western trading nations are exposed to 
multiple risks of energy supplies, eg simultaneous shortage of oil and gas supplies. To cope 
with these risks, both oil and gas can be stockpiled. Adopting the viewpoint of a policy maker 
who aims at minimizing the expected cost of security of supply, optimal simultaneous 
adjustments of oil and gas stocks to exogenous changes such as an increase in the probability 
of supply disruption are derived. Against this benchmark, one-dimensional rules such as ‘oil 
reserves for 90 days’ turn out to be not only suboptimal but also to suggest adjustments 


exacerbating suboptimality. 
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Today’s national economies are becoming more in- 
terdependent at a rapid pace. At the same time, 
industrial countries, reacting to the oil crises of the 
1970s, still aim at increasing the degree of their 
autarky in the energy domain. In particular, the 
International Energy Agency (IEA) has issued direc- 
tives requiring member countries to hold oil reserves 
for 90 days’ worth of national consumption (IEA 
[2]). These fuel-specific rules neglect the fact that 
economies rely on a multitude of resources simulta- 
neously, many of which are supplied from abroad. 
Strategies for coping with simultaneous disruptions 
of several energy supplies do not seem to have 
attracted much attention so far, with the notable 
exception of Sanghvi et al [4] in the context of a 
specific linear programming application. 
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The objective of this contribution is to point out, 
for the most simple case of two risky energy sup- 
plies, some implications of general decision rules 
that focus on one energy supply only. For example, 
is it optimal to increase reserves of gas if the risk of 
a gas shortage is expected to increase, without any 
regard of the possible synergies between oil and gas 
reserves? Not too surprisingly, it turns out that deci- 
sion rules focusing on a single risky supply not only 
are suboptimal at a given point of time but also run 
the considerable danger of inducing inappropriate 
adjustments. 

The plan of the paper is as follows. First, a simple 
objective function for dealing with two risky energy 
supplies is developed. Next, decision rules for adjust- 
ing one supply to a changing environment are de- 
rived and contrasted to more globally optimal rules 
based on simultaneous adjustments in both of the 
energy sources considered. The last section offers a 
few conclusions. 
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Table 1 Probabilities and losses caused by supply disruptions 


Disruption of Probability Loss 
Oil Gas 

No No (1 — poX1 — pg) 0 
Yes No Po - pg) Lo 
No Yes (1 — po) Pg Lg 
Yes Yes PoPe Log 


Optimizing reserves: some basic 
considerations 


This section is devoted to an optimization model 
that takes into account multiple risks for oil and gas, 
abstracting from other energy sources as well as 
non-energy factors of production. It is appropriate 
to state the simplifications that will be formally 
introduced later. (i) The objective is to minimize the 
sum of the costs of prevention and the one-period 
expected GDP loss in case of a supply disruption 
(see Mork and Hall [3] for an estimate of GDP loss 
in the case of the USA). In Table 1 all possible 
outcomes a national economy is facing are listed 
including the related probabilities and losses, as- 
suming uncorrelatedness of risks. (ii) The interrup- 
tion shall be normalized to last one year. 

The GDP loss of an oil supply disruption Ly can 
be lowered by an increase in stocks So, with de- 
creasing returns at the margin: 


oO 
Lo =Lo(So) with 3S, <0 
0°Lo 
and 383 >0 (1) 


where Sy are stocks of oil, without distinguishing 
the stage of refining. 

A gas supply disruption will cause losses Lg, 
which can be lowered by a stockpiling of gas: 


. oL 
Le = L¢(S@) with So <0 


and 82 >0 (2) 


where S, are stocks of gas. 

Losses in terms of GDP will of course be maxi- 
mum if oil and gas are disrupted simultaneously 
(Log). They can also be reduced: 


Loc = Log(Se, So) 
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with 
L aL 
atk 0, oF 0, 
Se So 
a7L ark 
— 3 >0, of > 0 (3) 
OSG ASo 


The decision problem of the policy maker can be 
seen as minimizing total expected cost due to pre- 
ventive effort and expected loss, the two decision 
variables being S, (stocks of oil) and S, (stocks of 
gas). By increasing S, and/or So, the policy maker 
can reduce the expected GDP loss in case of a 
supply shortage. However, by doing this, he would 
also run into some other costs with certainty be- 
cause holding stocks uses space and capital. For 
simplicity, marginal costs (7, and 7, respectively) 
are assumed independent of S, and Sg. 
In formal terms, the objective function reads 


min Z = po(1 — pg)Lo + A — po) pghe 
+ poPclhog + ToSo + FSG (4) 
where 


To = marginal cost of oil stocks (assumed 
constant) 

™ = marginal cost of gas stocks (assumed 
constant) 


First, it must be admitted that this objective function 
is much more normative than descriptive of actual 
behavior of policy makers. Indeed, the objectives of 
energy policy do not appear too well-defined (for a 
discussion of the US case, see Smith [5]). Second, it 
should be noted that there are many more ways to 
influence the security of energy supplies than just 
through S$, and Sg. Insulation of homes is con- 
sidered to be a major means for decreasing depen- 
dence on imported oil in the USA. On the other 
hand, rationing remains a popular measure for deal- 
ing with unexpected shortages. Thus, the choice of 
decision variables is much wider than suggested by 
Equation (4). However, in what follows we shall 
focus on Sy and S, because they are of decisive 
importance for longer run options of energy policy 
in all Western countries. 

As a first step, necessary conditions for an interior 
optimum are derived, yielding 


IZ yp, oe 
ISG 7 Po Pc ISG 
OLog 
+PoPo—— + To = 5 
PoPcG So TT, = 90 (5) 
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With regard to oil shocks, we obtain 


AZ AdLo 


ASo OSo ISo 


It should be noted that optimal values S%, S$ do not 
themselves appear in the two equations. However, as 
soon as gradients are fixed optimally at (0L,¢/dS,)* 
and (dLg/AS,)*, corresponding optimal values St 
and $4 are determined through Equations (1) and 
(2). Specifically, solving Equation (5) for (@L¢/AS,), 
we obtain 


_— + 
Oke. . PoPeé So TG 
ign ae ~ 
IG Po! PG 
as long as 
Te PoPa| Te (7) 
G 


The inequality condition could conceivably be vio- 
lated, implying that stocks are too large for mitigat- 
ing GDP losses due to a gas shortage anymore. For 
this to happen, the expected marginal value of a 
GDP loss caused by the simultaneous shortfall of 
gas and oil supply would have to exceed the marginal 
cost of holding gas reserves. However, since this 
combined event has a small probability of occur- 
rence, the RHS of the inequality in Equation (7) is 
small, causing it to be satisfied as a rule. In the 
initial optimum, there would therefore still be an 
interest in increasing the size of gas stocks. 
For oil, an analogous derivation yields 


—— + 
aLo se PoPG So To , 
ee SS dr 
ISo 5 Pol — pg) 
as long as 
OLog 
To > PoPG as, (8) 
oO 


Because of the symmetry of Equations (7) and (8), 
the same conclusions can be drawn about the opti- 
mal size of oil stocks. 


Pitfalls on one-dimensional decision rules 


Policy making both at the national and at the inter- 
national level (in particular, as suggested by IEA) 
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tends to focus on one supply risk at a time, resulting 
in what may be dubbed one-dimensional decision 
tules such as ‘oil for 90 days’. In the following, this 
(too narrow) way of looking at the problem will be 
mimicked by holding constant the decision variable 
So and varying stocks of gas S,. In these artificial 
‘optimal’ conditions, how would the stocks of gas be 
adjusted? 

For analyzing this issue in the framework of the 
model, let there be an increase in the likelihood of a 
disruption of gas supply. Therefore, Equation (7) 
can be used to determine how the dependent quan- 
tity dL¢/dSg would have to be adjusted when p, 
increases. Partial differentiation of Equation (7) 
yields 


0 
OS¢ 1 aS% 


Sead ee = 0 - 


= > 
OG (1 — po) pe DG 


(9) 


Due to the change impacting on the decision situa- 
tion, the value of the gradient 0L,/0Sg has to be 
set anew. According to Equation (9), it will move 
towards zero while remaining negative. This adjust- 
ment will call for an increase of stocks of gas (cf. the 
assumptions introduced in the context of Equation 
(2)). Adjusting gas stocks in the wake of an increased 
risk of disruption conforms with intuition; however, 
closer inspection of Equation (9) shows the amount 
of adjustment to depend positively on 7g. Thus, the 
higher the marginal cost of additional stock piling, 
the more one would be led to build reserves. This 
implication makes little sense, but serves to illus- 
trate the risks inherent in pursuing a one-dimen- 
sional policy in the public interest. 

Moreover, according to Equation (9) the strength 
of the reaction depends negatively on pg, the 
probability of the shortfall of gas supply, another 
counter-intuitive implication that may again serve to 
emphasize the shortcomings of one-dimensional de- 
cision rules. 


A more global analysis 


After this criticism of the one-risk-at-one-time pol- 
icy of industrial countries with regard to security of 
energy supply, we now turn to a more global ap- 
proach by admitting of simultaneous adjustment of 
both gas and oil stocks. It will be shown that S, and 
So must be set in a coordinated fashion. We con- 
sider again an increase in the likelihood of a disrup- 
tion of gas supply as an exogenous shock calling for 
adjustment. Thus, the impulse is given by dp, > 0. 
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This impulse impinges on first-order optimal con- 
ditions given in Equations (5) and (6), giving rise to 
adjustments dS% and dSé in the neighborhood of 
the initial optimum, with necessary conditions again 
satisfied at the new optimum. Accordingly, the total 
differential of Equation (5) must amount to zero: 


(1 ) OL 6 ass a yoke 
— Po) Pg zen 46 + 1 — po) = 4p 
(6) G aSé G (6) ISG G 
0 es Spee dS* "Log dS* 
+PoPG—zo7 ~4SE + PoP 
ORG Se © HORS Oe ag. 0 
Loc 
+po———-dp-. = 0 10 
Po 3S. IDG (10) 


The impulse dp, > 0 also serves to disturb the 
first-order optimum condition stated in Equation 
(6), resulting 


d°*Lo aLo 
Po(1 — pg) Ay dS6 — Po So apg 
2 2 
Log d*Log 
+ ————dS* + —— dS* 
PoPG So 9Sc G Tt PoPeG Py oO 
ILog 
+Po— dpc = 0 11 
Po a8 DG (11) 


In matrix algebra, the two equations can be written 
as 


a°*Le OL Ae 

952, + PoPc 952 
oO LAg 

089 0SG 


(1 — po) Pg 


PoPc 


8? Lee 
0S¢0So 
*L Ose 


0 oO 
Pol - Po) “553 - PoPa~y5z_ 


PoPe 


dSé -(1 ~ Po a5” Po 


aS6 Po = 


(12) 


The solution of the resulting system of two simulta- 
neous equations yields (with A > 0 due to positive 
definiteness of the matrix on the LHS of Equation 


(13)): 
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oS Cpe aes 
dst 1 OSG 
dpe A | dLo 


Le O Loe 
Pol ~ Pad G5z oy PoPo™ 352 


+ (13) 


The positive sign of the lower off-diagonal element 
derives from the argument that additional oil stocks 
should be particularly helpful in the case of a severe 
‘combined loss’ Log. Thus, if additional gas stocks 
also serve to strengthen the mitigating effect of oil 
reserves on the ‘combined loss’, the policy sugges- 
tion clearly is to adjust gas stocks upwards. More- 
over, adjustment will in general be more marked if 
Pc takes on a high value. If only 07L,/0S3, and 
3°Log/9S% are of similar magnitude, the value of 
the determinant in the numerator of Equation (13) 
increases. In contrast to the preceding section, this 
result squares well with intuition. 

However, if 97Lo¢/0SgASp > 0, the optimal ad- 
justment can still remain positive as long as po is 
very small, ie as long as the other risk is negligible. 
Conversely dSé/dpg < 0 becomes a possible policy 
suggestion if po is very large and d7Lo¢/ASgASo 
> 0. This means that the stocks act as impediments 
to each other rather than synergetically at the mar- 
gin. 

As a final issue, should there optimally be an 
‘indirect’ reaction to an increase in the riskiness of 
gas supplies through an increased oil stockage? 


+ 
0°Le cig bere 
1- —+ a 
dSé 1 (1 — po) Pc aS2 PoPc ase 
0*Log 
IS ASG 


PoPe 


+ /O 
+ 
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The optimal ‘cross adjustment’ of stocks to in- 
creased risk is indeed positive as long as stepping up 
both oil and gas reserves has a synergetic effect. 


Final comments and conclusions 


Aiming at autarky and fostering international ex- 
change do not go well together. In energy, too, there 
is a trade off between the security of supply on the 
one hand and the cost of stockpiling (imported) 
energy on the other. With both national policies and 
recommendations by the International Energy 
Agency (‘oil reserves for 90 days’) focusing on one 
supply risk at a time, this trade off is unlikely to be 
the least-cost alternative. The problem is that it 
discards the very real possibility of a simultaneous 
shortfall of two or more energy supplies. In this 
contribution, the seemingly optimal reactions of a 
decision maker pursuing such a one-dimensional 
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policy to exogenous changes are derived. Not only 
can these adjustments go in the direction opposite to 
that derived from a more global optimization, but 
the suggested amount of adjustment clearly is non- 
optimal in any case. These findings point to the 
necessity of redirecting energy security policy away 
from addressing one source of energy at a time 
towards an approach capable of dealing with simul- 
taneous supply risks and their specific properties. 
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